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Description 

Technical Field Of The Invention 

[0001] This invention relates to outer retinal stimula- 
tion to produce phosphenes, and more particularly to a 
prosthesis for electrical stimulation of selected retinal 
cells to the exclusion of other retinal cells to produce 
phosphenes. 

Background Of The Invention 

[0002] In 1 755 LeRoy passed the discharge of a Ley- 
den jar through the orbit of a man who was blind from 
cataract and the patient saw "flames passing rapidly 
downwards." Ever since, there has been a fascination 
with electrically elicited visual perception. The general 
concepts of electrical stimulation of retinal cells to pro- 
duce these flashes of light or phosphenes has been 
known for quite some time. Based on these general prin- 
ciples, some early attempts at devising a prosthesis for 
aiding the visually impaired have included attaching 
electrodes to the head or eyelids of patients. While some 
of these early attempts met with some limited success, 
the phosphenes which were perceived were unfocused 
and could not approach actual vision restoration or sim- 
ulation because of the gross, unfocused stimulation of 
the patient's eye or the optical nerve. 
[0003] As intraocular surgical techniques advanced, 
it became possible to apply a more focused stimulation 
on small groups of, and even on individual, retinal cells 
to generate focused phosphenes. This focused phos- 
phene generation opens the possibility of true simulated 
vision generation by an implanted prosthesis within the 
eye itself. This has sparked renewed interest in devel- 
oping methods and apparatuses to aid the visually im- 
paired. Specifically, great effort has been expended in 
the area of focused stimulation of retinal elements prox- 
imal to degenerated photoreceptors which occur in cer- 
tain forms of retinal blindness and which affect millions 
of people worldwide. However, while the surgical tech- 
niques had advanced to the point of allowing access to 
the retina, and while the structure and function of the 
retinal cells was understood, a complete understanding 
of the individual processes and mechanisms of simulat- 
ed vision through retinal cellular stimulation was not 
completely understood in these early days. 
[0004] What was known about the structure of the ret- 
ina is that the retinal basement membrane 1 0 (see FIG. 
1) is at the surface of the retina, above the axons 11 
which emanate from the retinal ganglion cells 1 2. These 
axons 11 which emanate from the retinal ganglion cells 
eventually come together and form the optic nerve (not 
shown) which projects to the brain. Beneath the retinal 
ganglion cells 1 2 are nerve cells involved in intermediate 
signal processing, such as amacrine cells 13, bipolar 
cells 14, interplexiform cells 15, and horizontal cells 16. 
At the back or outer layer of the retina are the photore- 



ceptor cells 17. In degenerative diseases of the retina, 
such as retinitis pigmentosa, the photoreceptor cells 1 7 
degrade, but the other nerve cells remain viable. 
[0005] Pioneering work by de Juan, Jr. et al. embod- 
5 iedinU.S. Patent 5,1 09,844 for RETINAL MICROSTIM- 
ULATION which issued May 5, 1992, provided the 
teaching for a method for stimulating the still viable ret- 
inal cells as well as for an apparatus for practicing this 
method, said teachings and disclosure being hereby in- 
fo corporated by reference. As taught by de Juan, Jr. et al. 
'884, a focused stimulation of the retinal ganglion cells 
12 could produce focused phosphenes which, if stimu- 
lated by an array apparatus, could simulate vision. De 
Juan, Jr. etal. '844 also teaches that the stimulation cur- 
15 rent capable of penetrating the retina to an excitation 
depth of approximately 30 micrometers is sufficient to 
depolarize the ganglion cells and evoke an action po- 
tential therefrom, the patient's perception of which is a 
focused phosphene. While de Juan, Jr. et al. '844 does 
20 not dwell on the stimulation waveform, this patent does 
teach that the waveform should preferably have an am- 
plitude of not greater than about 0.3 to 3 milliampere 
and be biphasic having pulse duration of about 0.1 to 
about 2 milliseconds per phase, with a frequency of 
25 about 50 to 100 hertz. 

[0006] Since the axons from the ganglion cells 
traverse the surface of the retina on their way to form 
the optic nerve as discussed briefly above, it is recog- 
nized that to produce a focused phosphene, inadvertent 
30 stimulation of axons from distant ganglion cells which 
lie adjacent the target ganglion cells must be avoided. 
An inadvertent stimulation of adjacent axons from dis- 
tant ganglion cells results in the perception of a wedge 
of light as opposed to a focused point of light and makes 
35 clear simulated vision through a retinal prosthesis diffi- 
cult to obtain. 

[0007] One method of focused retinal cell stimulation 
which attempts to avoid the problem of inadvertent ad- 
jacent axon stimulation is described in Edell et al., U.S. 
40 Patent 5,411,540, issued May 2, 1995, for a METHOD 
AND APPARATUS FOR PREFERENTIAL NEURON 
STIMULATION. Edell et al. '540 describes the use of 
anodic (positive) stimulation to preferentially stimulate 
retinal ganglia somas while simultaneously avoiding un- 
45 wanted stimulation of nearby unrelated axons to pro- 
duce a focused phosphene. This reference describes 
that this positive pulse scheme requires a waveform 
pulse of duration between about 1 microsecond and 
about 500 microsecond having an amplitude of between 
50 about 1 microampere and about 500 microampere at a 
frequency of up to 1 kHz. Edell et al. '540 also teaches 
that the particular geometry of the electrode has a direct 
impact on the effectiveness of its method of stimulation 
of the ganglia soma and on the inadvertent and unde- 
55 sired stimulation of unrelated superficial axons from dis- 
tant retinal ganglia soma. Edell et al. '540, therefore, re- 
quires specific geometry electrodes to perform the fo- 
cused stimulation. However, the added complexity re- 
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suiting from the criticality of placement and specific ge- 
ometry of the electrodes, as well as the potential cellular 
effects of anodic (positive) stimulation and likely inad- 
vertent stimulation of unrelated axons anyway, make 
this approach less desirable. 

Brief Summary Of The Invention 

[0008] It is an object of the instant invention to over- 
come at least some of the aforementioned and other 
known problems existing in the art. More particularly, it 
is an object of the instant invention to provide a new and 
improved device for producing focused phosphenes. 
Additionally, it is an object of the instant invention to pro- 
vide a device for producing focused phosphenes which 
avoids the problems of inadvertent stimulation of proxi- 
mal surface axons from distant ganglia soma. 
[0009] In view of these objects, it is a feature of the 
instant invention to provide a retinal prosthesis produc- 
ing focused phosphenes which do not directly stimulate 
surface ganglia soma or proximal axon in the region of 
stimulation. More particularly, it is a feature of the instant 
invention to provide a retinal prosthesis generating fo- 
cused phosphenes by stimulating retinal elements be- 
low the ganglion cells and their surface axons. Further, 
it is a feature of the instant invention to provide a retinal 
prosthesis producing focused phosphenes by stimulat- 
ing intermediate retinal cells such as bipolar cells. 
[0010] It is therefore an aspect of the invention to pro- 
vide a retinal prosthesis producing a focused phos- 
phene by stimulating intermediate level retinal cells by 
varying the pulse duration of the stimulation signal. More 
particularly, it is an aspect of the instant invention to in- 
crease the duration of the stimulation signal pulse width 
to selectively directly stimulate only the deeper interme- 
diate retinal cells. Further, it is an aspect of the instant 
invention to stimulate these deeper intermediate retinal 
cells by utilizing a vitreous-cathodic stimulation. Addi- 
tionally, it is an aspect of the instant invention to utilize 
biphasic pulses. Furthermore, it is an aspect of the in- 
stant invention to make these biphasic pulses simulate 
cathodic monophasic pulses by using unequal ampli- 
tude phases. It is a further aspect of the instant invention 
to utilize an equal total charge in each phase to avoid 
damage to the underlying neural tissue from electro- 
chemical effects. 

[0011] The present invention is defined by the fea- 
tures of claim 1 . 

[0012] Deeper intermediate retinal cellular electrical 
stimulation to the exclusion of direct ganglion cellular 
electrical stimulation is achieved by: a) positioning a 
stimulating electrode in the vicinity of retinal tissue; and 
b) applying a long duration stimulation signal to the elec- 
trode such that deeper intermediate retinal cells are 
preferentially stimulated over the retinal ganglion cells 
and proximal overlying surface axons. The long duration 
stimulation signal is a biphasic signal having a negative 
and a positive phase pulse which is applied in cathodic 



fashion. To preferentially stimulate the deeper interme- 
diate retinal elements, the duration of the long duration 
stimulation signal is greaterthan about 2 millisecond per 
phase pulse. In a highly preferred embodiment of the 

5 instant invention, the biphasic signal is adjusted to sim- 
ulate a monophasic signal by adjusting the magnitude 
of the negative pulse in relation to positive pulse, and 
by adjusting the duration of the positive pulse in relation 
to the negative pulse to maintain approximately net zero 

10 charge introduction. Preferably, the ratio of the negative 
pulse magnitude to the positive pulse magnitude is ap- 
proximately 1 0:1 or greater. 

[0013] In an alternate embodiment of the instant in- 
vention, the retinal prosthesis generates a biphasic 
15 stimulation signal having a negative and a positive pulse 
and including an intra-pulse delay therebetween, each 
of the pulses having a duration equal to or greater than 
about 2 milliseconds and a magnitude, the biphasic 
stimulation signal having a relationship between the 
20 magnitude and the duration of the negative and the pos- 
itive pulses such that the total charge supplied is ap- 
proximately zero; and the biphasic stimulation signal is 
applied to the electrode in a cathodic fashion. 
[0014] These and other aims, objectives, and advan- 
25 tages of the invention will become more apparent from 
the following detailed description while taken into con- 
junction with the accompanying drawings. 



Brief Description Of The Drawings 

30 

[0015] 

FIG. 1 is a side sectional illustration of the retina in 
substantially anatomically correct form with the nat- 

35 ural path of light in the retina indicated by the arrow; 
FIG. 2 is a simplified schematic representation of a 
region of neural retinal tissue being stimulated by 
an electrode placed on the vitreous surface of the 
retina and which is stimulating the ganglion cell ax- 

40 on, the stimulated portion being illustrated as a 
shaded area; 

FIG. 3 is a simplified schematic representation of a 
region of neural retinal tissue being stimulated by 
an electrode placed on the vitreous surface of the 
45 retina and which is stimulating the ganglion cell so- 
ma, the stimulated portion being illustrated as a 
shaded area; 

FIG. 4 is a simplified schematic representation of a 
region of neural retinal tissue being stimulated in ac- 

50 cordance with the instant invention by an electrode 
placed on the vitreous surface of the retina and 
which is stimulating the deeper intermediate retinal 
cells such as the bipolarcells, the stimulated portion 
being illustrated as a shaded area; 

55 FIG. 5 is a graphical illustration of an average of ex- 
perimental data recorded in frog retinas of the stim- 
ulation strength versus stimulation pulse duration 
required to generate a biologic response for stimu- 
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lation of different layers of the retina; 
FIG. 6 is a graphical signal chart illustrating an em- 
bodiment of the stimulation signal used to generate 
focused phosphenes by electrical stimulation of 
deeper intermediate retinal cells to the exclusion of 
the direct stimulation of the surface ganglion cells 
in accordance with the instant invention. 

[0016] While the invention is susceptible of various 
modifications and alternative constructions, certain il- 
lustrative embodiments thereof have been shown in the 
drawings and will be described below in detail. It should 
be understood, however, thatthere is no intention to limit 
the invention to the specific forms disclosed, but on the 
contrary, the intention is to cover all modifications, alter- 
native constructions, and equivalents falling within the 
scope of the appended claims. 

Detailed Description Of The Preferred Embodiment 

[0017] To fully appreciate the instant invention, it is in- 
structive to return to the simplified cross-sectional view 
of the retina illustrated in FIG. 1 . In vertebrate animals, 
including humans, retinal ganglion cells 12 (RGCs) lie 
close to the surface of the retina facing the vitreous cav- 
ity and send mostly unmyelinated axons 11 in a more 
superficial layer toward the optic disc (not shown). As 
the human RGC axons exit the eye, they become mye- 
linated and form the optic nerve. The cell bodies (so- 
mas) of these ganglion cells 12 are mapped over the 
surface of the retina in a manner which approximates 
the projection of the visual world onto the surface of the 
retina. However, at any particular location on the surface 
of the retina, axons 11 from distant sites overlie the in- 
dividual ganglion cell bodies. 

[0018] If these superficial passing fibers 11 were in- 
advertently stimulated by a surface electrode 22 while 
attempting to stimulate only proximal retinal ganglia so- 
ma, entire groups of ganglion cells 12a-d from a large 
area of the retina would be excited, illustrated in FIG. 2 
as the shaded area labeled 1 8. The visual perception of 
such a resultant distributed stimulation would be in the 
form of a wedge of light, and not of a focused spot of 
light. On the other hand, if only the ganglion cell 1 2 near 
the cell bodies could be preferentially stimulated, illus- 
trated in FIG. 3 as the shaded area labeled 20, the visual 
perception of a focal spot (focused phosphene) would 
be expected. However, such selected stimulation of only 
the ganglion cell without also inadvertently stimulating 
the proximal overlying surface axons 11 is difficult as 
discussed above. 

[0019] In accordance with the instant invention, how- 
ever, direct stimulation of the ganglion cells and the 
problem of inadvertent stimulation of the overlying sur- 
face axons is avoided by electrical stimulation of deeper 
retinal cells, such as the bipolar cells 1 4 or other deeper 
retinal cells illustrated in FIG. 4. The visual perception 
of this type of retinal stimulation is also a focal spot, al- 



though slightly largerthan that which might be produced 
by stimulation of only a single ganglion cell. However, 
the focal spot diameter is sufficiently small to allow use 
in a retinal prosthesis, while avoiding all of the problems 

5 associated with surface ganglion stimulation and inad- 
vertent proximal axon stimulation. It should be noted 
that the stimulating electrode 22 in each of FIGs. 2, 3, 
and 4 is illustrated schematically only as its particular 
configuration forms no part of this invention. 

10 [0020] In developing such a deep retinal cellular stim- 
ulation method of the instant invention, it was discov- 
ered that, unlike other neural systems of the body, the 
time constants of retinal cells are significantly different 
from one another, which has a profound effect on the 

15 electrically elicited retinal responses. Where cells with 
different time-constants are in close physical proximity, 
for example, nerve vs. muscle, it has been observed that 
long time-constant cells are stimulated preferentially 
with long pulses whereas cells with short time-constants 

20 are stimulated preferentially with short pulses. 

[0021] Through experimentation the inventors have 
determined that, in the retina, short stimulus durations 
directly stimulate retinal ganglion cells (RGCs) while 
longer stimulus pulses target deeper cell to the exclu- 

25 sion of the surface RGCs and the proximal axons. With 
such a recognition, a retinal prosthesis in accordance 
with the instant invention may be provided to produce 
focused phosphenes by deep retinal cell stimulation 
while totally avoiding the problem of inadvertent overly- 

30 jng proximal axon stimulation. This deep retinal cell 
stimulation also reveals advantages when the post-mor- 
tem histology of the entire retina in patients with retinitis 
pigmentosa (RP) is considered. This histology indicates 
a significant preservation of deeper (inner nuclear layer) 

35 retinal cells. In the most severe cases of RP in patients 
with no light perception at all, the outer nuclear layer 
(photoreceptors) retained only about 5% of cells, the in- 
ner nuclear layer (bipolar cells and others) retained 
about 78% of cells, and the RGC layer retained only 

40 about 30% of cells. Thus the stimulation of this vastly 
more populated region containing many more active 
cells significantly improves the ability of a retinal pros- 
thesis to enhance or produce simulated vision in pa- 
tients suffering from RP or other visual degenerative 

45 conditions. 

[0022] To isolate the stimulation parameters to allow 
preferential stimulation of these deeper retinal cells, the 
latency from stimulation was measured under varying 
stimulation conditions. This was done because a neu- 

50 ronal impulse initiated at the level of deeper retinal cells 
has to traverse at least one synapse before initiating a 
RGC action potential, resulting in longer RGC latencies 
than direct stimulation of the RGC. However, since the 
latencies in patients with RP cannot be measured when 

55 these patients are awake with normal eye movements, 
another measure for the target cell is needed. By meas- 
uring the response threshold for various stimulus dura- 
tions, a strength-duration curve (S-D curve) can be con- 
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structed. 

[0023] One such curve is illustrated as FIG. 5 and was 
generated using frog retina to establish the characteris- 
tics of the stimulation of each type of cell, the photore- 
ceptors (trace 24), the bipolar cells (trace 26), and the 
ganglion cells (trace 28). As may be seen, the photore- 
ceptors are by far the easiest retinal elements to stimu- 
late, i.e., they have the lowest stimulation current 
thresholds. In certain diseases called outer retinal de- 
generations, however, the photoreceptors are dam- 
aged, leaving only ganglion cells, bipolar cells, and other 
deeper intermediate retinal cells. In cases of outer reti- 
nal degeneration, it is possible to select ganglion cells 
by using short duration pulses. In accordance with the 
instant invention, it is possible to stimulate deeper reti- 
nal cells by using longer duration stimuli. As the rela- 
tionship depicted in FIG. 5 illustrates, this longer stimuli 
can be accomplished at reduced current threshold lev- 
els as well, which may seem counterintuitive due to the 
increased distance from the source of stimulation to the 
deeper retinal cells. 

[0024] For neurons, these strength-duration curves 
have a hyperbolic shape and can be characterized by a 
time-constant and asymptote. Two terms often used to 
refer to these parameters are the chronaxie and rheo- 
base. The chronaxie is uniquely determined by the ele- 
ment stimulated, and varies only slightly with the stimu- 
lus parameters and electrode geometry. To determine 
the time-constant and rheobase from actual data, the 
strength-duration curve is fit using a weighted Mar- 
quardt-Levenberg algorithm to the following equation: 

I _ Kheobase 

'threshold - t/i x 

(1-e ) 

where t is the time-constant. The chronaxie is the pulse 
duration when the threshold stimulus is twice the rheo- 
base and is actually I n(2) xt. In human patients suffering 
from RP, experimentation revealed a chronaxie of 6.1 
+/- 2.8 millisecond. These long chronaxies found in RP 
patients seem to rule out the possibility of RGC stimu- 
lation with long pulses, and evidence that deeper cells, 
such as bipolar cells, are the target of longer duration 
stimulation pulses. Ganglion cells would be expected to 
have a chronaxie of less than 1 millisecond like other 
central nervous system neurons, whereas non-spiking 
deeper cells have longer chronaxies. By stimulating 
these more distal retinal elements, long cathodic pulses 
offer the advantage to a retinal prosthesis of incorporat- 
ing more of the natural retinal processing of the visual 
signal through the various retinal cells, while simultane- 
ously avoiding inadvertent superficial axonal stimula- 
tion. 

[0025] With regard to the stimulation pulses, it is im- 
portant to deliver balanced biphasic current pulses to 
patients to reduce the biologically harmful product of 
electrochemical reactions. According to a preferred em- 



bodiment of the instant invention, the pulses are deliv- 
ered with the cathodic pulse first as illustrated in FIG. 6. 
The delay between the two phases of current (intra- 
pulse) may be in relation to the pulse durations them- 

5 selves, or may preferably be in the range of about 1 to 
4 millisecond. The delay may also betimedto allow time 
for the stimulated deeper intermediate retinal cells to re- 
spond to the stimulation before equalizing the cellular 
charge by the introduction of the positive pulse. Itshould 

10 be noted, however, that while a preferred embodiment 
can utilize a biphasic pulse with an intra-pulse delay as 
just described, a biphasic pulse with no intra-pulse delay 
can also be utilized in practicing the instant invention. 
[0026] Additionally, to effect monophasic stimulation 

15 (simulated monophasic stimulation), the relative height 
of the two pulses may be varied relative to one another. 
The largerthe relative difference in magnitude, the more 
closely monophasic type stimulation is simulated. Pref- 
erably, the amplitudes are adjusted so that one pulse is 

20 about 1 0 times the amplitude of the other as illustrated 
in FIG. 7, although one skilled in the art will recognize 
that other ratios can be utilized. When this type of sim- 
ulated monophasic stimulation is utilized, the pulse du- 
rations are adjusted so that the injected charge is still 

25 balanced, that is to say, no net charge is injected. The 
present invention is used for focused phosphene gen- 
eration through deeper intermediate retinal cellular elec- 
trical stimulation to the exclusion of direct ganglion cel- 
lular electrical stimulation by : a) positioning a stimulat- 

30 jng electrode in the vicinity of the retinal tissue; and b) 
applying a long duration stimulation signal to the elec- 
trode such that deeper intermediate retinal cells are 
preferentially stimulated over the retinal ganglion cells 
and proximal overlying surface axons. The magnitude 

35 and duration of the stimulation signal are selected to 
preclude inadvertent stimulation of retinal ganglion cells 
by selecting a sufficiently long duration signal at a low 
current threshold below which the ganglion cells require 
forthat duration signal (see FIG. 5). The stimulation sig- 

40 nal is a biphasic signal as discussed above, preferably 
applied in a cathodic fashion (negative pulse first). 
[0027] The duration of the biphasic pulses of the long 
duration stimulation signal is greater than about 2 milli- 
second per phase pulse. In a further embodiment, the 

45 duration is greater than about 4 millisecond per phase 
pulse, and preferably greater than about 8 millisecond 
per phase pulse. The long duration stimulation signal 
can be composed of a train of these pulses. Additionally, 
the stimulation signal can be a lowfrequency signal hav- 

50 jng a frequency less than about 2 kilohertz. Preferably, 
the low frequency signal has a frequency of less than or 
equal to about 500 hertz, and preferably less than about 
125 hertz. Furthermore, the stimulation signal can have 
a frequency of about 50 hertz or less. 

55 [0028] Additionally, a preferred embodiment includes 
an intra-pulse delay. The duration of this intra-pulse de- 
lay may be in relation to the pulse duration or may be 
fixed. Preferably, the intra-pulse delay ranges between 
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about 1 to 4 millisecond. 

[0029] Numerous modifications and alternative em- 
bodiments of the invention will be apparent to those 
skilled in the art in view of the foregoing description. Ac- 
cordingly, this description is to be construed as illustra- 
tive only and is for the purpose of teaching those skilled 
in the art the best mode for carrying out the invention. 
The details of the structure and architecture may be var- 
ied substantially without departing from the scope of the 
appended claims . 



9. The prosthesis of claim 1 , wherein said means for 
applying a long duration stimulation signal compris- 
es means for adjusting said biphasic signal to sim- 
ulate a monophasic signal. 

5 

10. The prosthesis of claim 9, wherein said means for 
adjusting said biphasic signal comprises: 

means for adjusting a magnitude of said nega- 
te tive pulse in relation to said positive pulse; and 



Claims 

1. A retinal prosthesis comprising: 



15 



means for adjusting a duration of said positive 
pulse in relation to said negative pulse to main- 
tain approximately net zero charge introduc- 
tion. 



At least one electrode to be positioned in the 
vicinity of retinal tissue; and 

means for applying a long duration stimulation 20 
signal to the at least one electrode such that 
deeper intermediate retinal cells are preferen- 
tially stimulated over the retinal ganglion cells 
and proximal overlying surface axons, wherein 
the long duration stimulation signal is a bipha- 25 
sic signal having a negative and a positive 
phase pulse and wherein the duration of the 
long duration stimulation signal is greater than 
about 2 millisecond per phase pulse. 

30 

2. The prosthesis of claim 1 , wherein said means for 
applying a long duration stimulation signal compris- 
es means for applying the long duration stimulation 
signal in cathodic fashion. 

35 

3. The prosthesis of claim 1 , wherein the duration of 
the long duration stimulation signal is greater than 
about 4 millisecond per phase pulse. 

4. The prosthesis of claim 1 , wherein the duration of 40 
the long duration stimulation signal is greater than 
about 8 millisecond per phase pulse. 



1 1 . The prosthesis of claim 1 0, wherein said means for 
adjusting a magnitude of said negative pulse in re- 
lation to said positive pulse increases the magni- 
tude of the negative pulse by a ratio of approximate- 
ly 1 0:1 to the positive pulse. 

12. The prosthesis of claim 1 , wherein the long duration 
stimulation signal is a periodic waveform having a 
frequency less than or equal to about 50 hertz. 

13. The prosthesis of claim 1 , wherein the long duration 
stimulation signal has a duration and a magnitude 
selected to preclude inadvertent stimulation of reti- 
nal ganglion cells. 

14. The retinal prosthesis of claim 1 wherein 

said a biphasic stimulation signal having a negative 
and a positive pulse includes an intra-pulse delay 
therebetween, each of said pulses has a duration 
greaterthan about 2 milliseconds and a magnitude, 
said biphasic stimulation signal has a relationship 
between said magnitude and said duration of said 
negative and said positive pulses such that the total 
charge supplied is approximately zero; and further 
comprising means for applying said biphasic stim- 
ulation signal to said electrode in a cathodicfashion. 



5. The prosthesis of claim 1 , wherein said means for 

applying a long duration stimulation signal compris- 45 Patentanspriiche 
es a means for applying a train of said biphasic sig- 
nals. 1. Eine Netzhautprothese umfassend: 



6. The prosthesis of claim 1 , wherein said biphasic sig- 
nal includes an intra-pulse delay. 50 

7. The prosthesis of claim 6, wherein said intra-pulse 
delay is in relation to a duration of said negative 
pulse. 

55 

8. The prosthesis of claim 6, wherein said intra-pulse 
delay is in the range of about 1 to 4 millisecond. 



zumindest eine Elektrode, die in der Umgebung 
des Netzhautgewebes positioniert wird; und 

Mittel zum Anwenden eines lang dauernden 
Stimulationssignals auf zumindest eine Elek- 
trode, so dass tiefere intermediate Netzhaut- 
zellen praferentiell gegenuber den retinalen 
Ganglien-Zellen und den proximalen daruber 
liegenden Oberflachenaxonen stimuliert wer- 
den, wobei das lang dauernde Stimulationssi- 
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gnal ein zweiphasiges Signal ist mit einem ne- 
gativen und einem positiven Phasen puis und 
wobei die Dauer des Langzeitstimulationssi- 
gnals groBer als etwa 2 Millisekunden pro Pha- 
senpuls ist. 

2. Die Prothese von Anspruch 1 , worin besagte Mittel 
zum Anwenden eines lang dauernden Stimulations- 
signals Mittel zum Anwenden des lang dauernden 
Stimulationssignals in der Art und Weise einer Ka- 
thode umfassen. 

3. Die Prothese von Anspruch 1 , worin die Dauer des 
lang dauernden Stimulationssignals groBer als et- 
wa 4 Millisekunden pro Phasenpuls ist. 

4. Die Prothese von Anspruch 1 , worin die Dauer des 
lang dauernden Stimulationssignals groBer als et- 
wa 8 Millisekunden pro Phasenpuls ist. 

5. Die Prothese von Anspruch 1 , worin besagte Mittel 
zum Anwenden eines lang dauernden Stimulations- 
signals ein Mittel zum Anwenden einer Folge von 
besagten zweiphasigen Signalen umfasst. 

6. Die Prothese von Anspruch 1 , worin besagtes zwei- 
phasiges Signal eine Intrapulsverzogerung ein- 
schlieBt. 

7. Die Prothese von Anspruch 6, worin besagte Intra- 
pulsverzogerung im Verhaltnis zur Dauer von be- 
sagtem negativem Puis steht. 



gativem Puis in Beziehung zu besagtem positiven 
Puis die GroBe des negativen Pulses urn ein Ver- 
haltnis von etwa 10:1 zum positiven Puis vergro- 
Bern. 

5 

12. Die Prothese von Anspruch 1 , worin besagtes lang 
dauerndes Stimulationssignal eine periodische 
Wellenform darstellt mit einer Frequenz von weni- 
ger als oder gleich ungefahr 50 Hertz. 

10 

13. Die Prothese von Anspruch 1 , worin das lang dau- 
ernde Stimulationssignal eine Dauer aufweist und 
eine GroBenordnung ist so ausgewahlt, dass eine 
unbeabsichtigte Stimulation von Netzhautgan- 

15 glionzellen vermieden wird. 

14. Die Netzhautprothese von Anspruch 1 , worin 
besagtes zweiphasiges Stimulationssignal mit ei- 
nem negativen und einem positiven Puis eine Intra- 

20 pulsverzogerung dazwischen einschlieBt, 

jeder besagter Puis eine Dauer von mehr als etwa 
2 Millisekunden aufweist und eine GroBe, 
besagtes zweiphasiges Stimulationssignal ein Ver- 
haltnis zwischen besagter GroBenordnung und be- 
25 sagter Dauer von besagtem negativen und besag- 
tem positiven Pulsen dergestalt aufweist, dass die 
Gesamtladung, die zugefuhrt, etwa Null ergibt; und 
des weiteren Mittel umfasst sind zum Anwenden 
des besagten zweiphasigen Stimulationssignals 
30 auf besagte Elektrode in der Art und Weise einer 
Kathode. 
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8. Die Prothese von Anspruch 6, worin besagte Intra- 
pulsverzogerung in der GroBenordnung von etwa 1 
bis 4 Millisekunden liegt. 

9. Die Prothese von Anspruch 1 , worin besagtes Mittel 
zum Anwenden des lang dauernden Stimulations- 
signals Mittel zum Einregulieren besagten biphasi- 
schen Signals umfasst, urn ein einphasiges Signal 
zu simulieren. 

10. Die Prothese von Anspruch 9, worin besagte Mittel 
zum Einstellen besagten zweiphasigen Signals fol- 
gendes umfassen: 

Mittel zum Einstellen einer GroBe von besag- 
tem negativen Puis im Verhaltnis zu besagtem 
positiven Puis; und 

Mittel zum Einstellen einer Dauer von besag- 
tem positiven Puis im Verhaltnis zu besagtem 
negativen Puis, urn etwa eine Netto-Null-La- 
dung einzubringen. 

1 1 . Die Prothese von Anspruch 1 0, worin besagte Mittel 
zum Einregulieren einer GroBe von besagtem ne- 



Revendications 

35 

1 . Prothese retinienne comportant : 

au moins une electrode a positionner au voisi- 
nage d'un tissu retinien ; et 

40 des moyens pour appliquer un signal de stimu- 

lation de longue duree a la ou les electrode(s) 
de sorte que des cellules retiniennes interme- 
diaires plus profondes sont stimulees preferen- 
tiellement aux cellules ganglionnaires retinien- 

45 nes et aux axones de surface susjacents proxi- 

maux, dans laquelle le signal de stimulation de 
longue duree est un signal biphasique ayant 
une impulsion de phase negative et une impul- 
sion de phase positive et dans laquelle la duree 

50 du signal de stimulation de longue duree estsu- 

perieure a environ 2 millisecondes par impul- 
sion de phase. 

2. Prothese selon la revendication 1, dans laquelle 
55 lesdits moyens pour appliquer un signal de stimu- 
lation de longue duree comportent des moyens 
pour appliquer le signal de stimulation de longue 
duree d'une maniere cathodique. 
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3. Prothese selon la revendi cation 1 , dans laquelle la 
duree du signal de stimulation de longue duree est 
superieure a environ 4 millisecondes par impulsion 
de phase. 

5 

4. Prothese selon la revendication 1 , dans laquelle la 
duree du signal de stimulation de longue duree est 
superieure a environ 8 millisecondes par impulsion 
de phase. 

10 

5. Prothese selon la revendication 1 , dans laquelle 
lesdits moyens pour appliquer un signal de stimu- 
lation de longue duree comportent des moyens 
pour appliquer un train desdits signaux biphasi- 
ques. 15 

6. Prothese selon la revendication 1 , dans laquelle le- 
dit signal biphasique comporte un retard intra-im- 
pulsion. 

20 

7. Prothese selon la revendication 6, dans laquelle le- 
dit retard intra-impulsion est en relation avec une 
duree de ladite impulsion negative. 

8. Prothese selon la revendication 6, dans laquelle le- 25 
dit retard intra-impulsion se trouve dans la plage 
d'environ 1 a 4 millisecondes. 



13. Prothese selon la revendication 1, dans lequel le 
signal de stimulation de longue duree a une duree 
et une amplitude selectionnees pour exclure une 
stimulation inopportune de cellules ganglionnaires 

5 retiniennes. 

14. Prothese retinienne selon la revendication 1, dans 
laquelle 

ledit signal de stimulation biphasique ayant 
10 une impulsion negative et une impulsion positive in- 
clut un retard intra-impulsion entre celles-ci, chacu- 
ne desdites impulsions a une duree superieure a 
environ 2 millisecondes et une amplitude, ledit si- 
gnal de stimulation biphasique a une relation entre 
15 ladite amplitude et ladite duree desdites impulsions 
negative et positive de sorte que la charge totale 
fournie est d'approximativement zero ; et compor- 
tant de plus des moyens pour appliquer ledit signal 
de stimulation biphasique a ladite electrode d'une 
20 maniere cathodique. 
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9. Prothese selon la revendication 1 , dans laquelle 
lesdits moyens pour appliquer un signal de stimu- 30 
lation de longue duree comportent des moyens 
pour ajuster ledit signal biphasique pour stimuler un 
signal monophasique. 

10. Prothese selon la revendication 9, dans laquelle 35 
lesdits moyens pour ajuster ledit signal biphasique 
comportent : 

des moyens pour ajuster une amplitude de la- 
dite impulsion negative en relation avec ladite 40 
impulsion positive ; et 

des moyens pour ajuster une duree de ladite 
impulsion positive en relation avec ladite impul- 
sion negative pour maintenir une introduction 
de charge nette d'approximativement zero. 45 

11. Prothese selon la revendication 10, dans laquelle 
lesdits moyens pour ajuster une amplitude de ladite 
impulsion negative en relation avec ladite impulsion 
positive augmentent I'amplitude de I'impulsion ne- 50 
gative d'un rapport d'approximativement 10:1 par 
rapport a I'impulsion positive. 

12. Prothese selon la revendication 1, dans lequel le 
signal de stimulation de longue duree est une forme 55 
d'onde periodique ayant une frequence inferieure 

ou egale a environ 50 hertz. 
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